Report  Documentation  Page 

Form  Approved 

0MB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  0MB  control  number. 

1.  REPORT  DATE 

01 JUN  2007 

2.  REPORT  TYPE 

N/A 

3.  DATES  COVERED 

4.  TITLE  AND  SUBTITLE 

5a.  CONTRACT  NUMBER 

Are  Lean  and  Six-Sigma  the  Only  Tools  Needed  to  Ensure  Military 

5b.  GRANT  NUMBER 

X 1  iiiituuii ; 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

United  States  Military  Academy  Department  of  Systems  Engineering  646 
Swift  Rd.  West  Point,  NY  10996 

8.  PEREORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release,  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

See  also  ADM202526.  Military  Operations  Research  Society  Symposium  (75th)  Held  in  Annapolis, 

Maryland  on  June  12-14,  2007,  The  original  document  contains  color  images. 

14.  ABSTRACT 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIEICATION  OE: 

17.  LIMITATION  OE 
ABSTRACT 

uu 

18.  NUMBER 
OE  PAGES 

21 

19a.  NAME  OE 
RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


Are  Lean  and  Six-Sigma  the  Oniy  Toois 
Needed  to  Ensure  Miiitary  Transformation? 


MORS  Symposium 
United  States  Naval  Academy 
Annapolis,  Maryland 
11-14  June  2007 


MAJ  Ernest  Wong 

Department  of  Systems  Engineering 
United  States  Military  Academy 


Agenda 


*  Introduction 

*  Tools  that  Focus  on  Doing  Things  Right 

-  Lean  Thinking 

-  Just-In-Time  Planning 

-  Six  Sigma 

*  Tools  that  Focus  on  Doing  the  Right  Things 

-  Engineering  Design  Process  Thinking 

-  Just-In-Case  Planning 

-  Simulation 

*  A  Yin-Yang  Approach  to  Better 

*  Conclusions 


3  of  20 


Tools  that  Focus  on 
Doing  Things  Right 
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Lean  Six  Sigma  in  the  U.S.  Army 


Levei  Loading 

Reduce  Setups 

Leiin 

Principles 


Create  Fiow 


Linking  suppiiers 

TPM 

jAjreas  TUncier  the  USTormal  Ourve 


nVIeaia  ±  Si:?^  Si^ma 
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Lean  /  Just-in-Time  Planning 


Lean  Techniques  And  Principles 

■  Workplace  organization 

■  5S 


Standardized  work 
Value-stream  mapping 
Team-based,  multi-skilled  workforce 
Kaizen  events  (one  week) 

Jidoka  (Error  proofing) 

Poke  Yoke  (Mistake  proofing) 

Just-in-time 

Cellular/Flow  manufacturing 
One  piece  flow  (takt  time) 

Set-up  time  reduction  (SMED) 

Pull  system  (kanbans) 

Production  smoothing 
Balanced  work  flow 
Inventory  Reduction 
Visual  Management 

Waste  identification  &  elimination  (7  Wastes) 

Toyota  Production  System 

Total  Productive  Maintenance  (TPM) 


Level  Loading 


Reduce  Setups 

Create  Flew 

1  ' 

Lean 

Princi|>les 


Linking  suppliers 


TPM 


httj.  //www.isixsigma.com/offsite.asp?A=Fr&Url=hv  -  //www.industiyvveek.com/CurrentArticles/asp/articles.asp?Articleld=1247 
http://www.bmgi.com/methodologies/methodologies  lean.aspx 
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Six-Sigma 

D  -  Define  Phase:  Define  the  project  goals  and  customer  (internal  and  external)  deliverables. 


•  Define  Customers  and  Requirements  (CTQs) 

•  Develop  Problem  Statement,  Goals  and  Benefits 

•  Identify  Champion,  Process  Owner  and  Team 

•  Define  Resources 

•  Evaluate  Key  Organizational  Support 

•  Develop  Project  Plan  and  Milestones 

•  Develop  High  Level  Process  Map 


Project  Charter 
Process  Flowchart 

SIPOC  Diagram 

Stakeholder  Analysis 

DMAIC  Work  Breakdown  Structure 

CTO  Definitions 

Voice  of  the  Customer  Gathering 


M  -  Measure  Phase:  Measure  the  process  to  determine  current  performance;  quantify  the  problem. 


•  Define  Defect,  Opportunity,  Unit  and  Metrics 

•  Detailed  Process  Map  of  Appropriate  Areas 

•  Develop  Data  Collection  Plan 

•  Validate  the  Measurement  System 

•  Collect  the  Data 

•  Begin  Developing  Y=f(x)  Relationship 

•  Determine  Process  Capability  and  Sigma  Baseline 


Process  Flowchart 

Data  Collection  Plan/Example 

Benchmarking 

Measurement  System  Analysis 

Voice  of  the  Customer  Gathering 

Process  Sigma  Calculation 


A  -  Analyze  Phase:  Analyze  and  determine  the  root  cause(s)  of  the  defects. 


Areas  Und 

y  \ 

1 

1 

1 

'  1 

1  1 

er  th 

le  Nc 

:irmal  Curve 

1  1  1  1  1 

1  1  1  1  < — 

1  1  1  1 

68.26%  1  III 

- M  'll 

95.44%  '  J  1  1 

II'"  99.73%  !  1  1 

1  1  '1 

1  1 

99.99% 

Mean  ±  Six  Sigma 

•  Define  Performance  Objectives 

•  Identify  Value/Non-Value  Added  Process  Steps 

•  Identify  Sources  of  Variation 

•  Determine  Root  Cause(s) 

•  Determine  Vital  Few  x's,  Y=f(x)  Relationship 


I  -  Improve  Phase:  Improve  the  process  by  eliminating  defects. 

•  Perform  Design  of  Experiments 

•  Develop  Potential  Solutions 

•  Define  Operating  Tolerances  of  Potential  System 

•  Assess  Failure  Modes  of  Potential  Solutions 

•  Validate  Potential  Improvement  by  Pilot  Studies 

•  Correct/Re-Evaluate  Potential  Solution 


C  -  Control  Phase:  Control  future  process  performance. 

•  Define  and  Validate  Monitoring  and  Control  System 

•  Develop  Standards  and  Procedures 

•  Implement  Statistical  Process  Control 

•  Determine  Process  Capability 

•  Develop  Transfer  Plan,  Handoff  to  Process  Owner 

•  Verify  Benefits,  Cost  Savings/Avoidance,  Profit  Growth 

•  Close  Project,  Finalize  Documentation 

•  Communicate  to  Business,  Celebrate 


•  Histogram 

•  Time  Series/Run  Chart 

•  Regression  Analysis 

•  Cause  and  Effect/ Fish  bone  Diagram 

•  Process  Map  Review  and  Analysis 

•  Hypothesis  Testing 


•  Brainstorming 

•  Mistake  Proofing 

•  Design  of  Experiments 

•  Pugh  Matrix 

•  House  of  Quality 

•  Failure  Modes  &  Effects  Analysis 

•  Simulation  Software 


•  Process  Sigma  Calculation 

•  Control  Charts 
rvariable  and  Attributed 

•  Cost  Savings  Calculations 

•  Control  Plan 


http://www.isixsiqma.eom/librarv/content/c020617a.asp 


•  Pareto  Analysis 

•  Scatter  Plot 

•  5  Whvs 

•  Statistical  Analysis 


Dflftne  the  opportunity  '  Inipf™"  pn  wta*  matrm  mem  tp  iho  dumt 

»  a(3rt(Hflri»lv  ImpSft «« tmftwn  Ino 


Control  ond  idjust  new  proocncf 


and  hffffikhrojghi! 
*  Hepat  dlieiibDdid, 
bUiPtJiij  dala  and 
dlaA  rndbdck 


Implement 

Improvemenb 


*  i  nxiitc  [dans, 
etvHfnrrw  bAfTlnff 

*  TraniTjofi  Id  lha 


^  Client  Driven,  ^ 


Consistent, 
Metrics  Focused, 
Results  Oriented  /| 


Measure  tile  current  performance 
>1  >  Ihc  pmoa,  pathn 

liillbiJ  pcrfirmancu  drila 
'  lind  tfctenilm:  Ciruhl 

"Siflinfl'lwoi 
*  nhlAin  clfvit  Input, 
faclon  Ciilkal  ta 


I  Si.  irii 

I 


Analyze  thin 
current  process 


•  DtHcririlriu  jxciiktlvuu|]iia^  JuiJpn  luturc  atalu: 

Improve  process  efficiency  laocuis,  n™  ‘Sigma'  bd 

■  Oedte  [hRliijtMldi),  Raodth  vid  iiltiiii 


Courtesy  of  Larry  Aft,  Institute  of  Industrial  Engineers 
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Lean  Six-Sigma  Approach 


Key  Inputs  to  Maximize  LSS/DFLSS  Business  Impact 


Ov^nershipJ 
Lea-deriship  Alianment 


Effectrvie  -Support 
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Integrated  Training  . 
Material^  and  So^ftware  ^ 

Financial  and 
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Einterpris&-VWcle 
Knowledge  St^aring 

w 

Gu-stomar  and  Supply 
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Lean  SioK 
SigmAand 
Design  ITor 
Lean  !Si[K 
sigma 
Realization 


Curstomer  Value 


rnle«e-ctual  Capital 


Top  Lime  Qirovrfti 


BollOfiini  Lina- 


CultuH"al  Chang-e 


-> 

-> 


iittp://www.airacad.com/LeanSixSigmalmplementations.aspy; 


http://www.isixsigma.com/librarv/content/c030721a.asp 
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Lean  Six-Sigma  in  the  US  Army 


Armament  Research, 
Development  and 
Engineering  Center 


M91 5  Projectiles 

'  Reduced  cost  of  munitions 
by  50% 

■  Generated  $1.2  billion  future 
cost  savings 


Lean  Six  Sigma  Achievements 
Cuiture  of  innovation 


United  States  Army 
Security  Assistance  Command 

Foreign  Military  Sales 


•  Avoided  $3.2  million  in 
admistrative  costs  for  FY  2005 


Corpus  Christi  Army  Depot 


T700  Engines 

•  Increased  mean  time  between 
overhauls  383%  (from  300  to 
1450  hours) 

•  Reduced  overhaul  cycle  time 
69%  (from  261  to  81  days) 


Heavy  Expanded-Mobility 
Tactical  Trucks  (HEMTTs) 

•  Increased  output  260%  (from  5 
to  18  vehicles/month) 

•  Decreased  cycle  time  75%  (from 
1 20  to  30  days) 


Army  Field  Support 
Command  Korea 


Prepositioned  Stock 


•  Reduced  cycle  time  71  %  for 
Ml  tanks  (from  105  to  30  days) 


•  Reduced  repair  cycle  time  42% 
(from  1 2  to  7  months) 


Source:  U.S.  Army  Materiel  Command 


From  Association  of  the  U.S.  Army,  2006 
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Tools  that  Focus  on 
Doing  the  Right  Things 
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Current  Status  -  What  is? 


The  Systems  Decision  Process 


Soiution  \ 
f  Design 


Historical 


^  Solution 
Enhancemen 


^  T  Probfem 
\t  Definition 


Decision 
Making  J  > 


Decision 
Makers  & 
Stakeholders, 


Value 

Modeling 


Value-Focused 

CXThinking^^ 


Moral  / 
Ethical 


Political 


^  ^  Solution  '> 
^tmplem  entationlj 


Technological 


Emotional  XAssessrnent  & 

^\Xontrol^,,-^ 


Organisational 


sment  & 
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Just-In-Case  Planning 

Planning  Ahead 


JusMn-Case 
Principles 

Flexibility 


Mitigate  Uncertainty 


Rapid  Crisis  Response 


“[Whereas]  Just-in-Time  is  based  on  a  more  horizontal  hierarchy,  which 
consists  of  strong  cooperation  and  interaction  between  works,  and 
workers’  initiative,  teamwork,  and  multi-functionality,  Just-in-Case  is 
more  appropriate  for  a  rigid,  vertical  hierarchical  structure,  requiring 
workers  to  specialize,  thus,  leading,  possibility,  to  antagonism  between 
workers  and  management.” 

--Nurit  Alfasi  and  Juval  Portugali.  2003.  Planning  Just-in-Time  versus  Just-in-Case 

_ ^  c, washinqton.edu/student _  -  ^  ^ _ ,  _  ncl''''-'20Portuqaii‘^/  2C  1 


Having  a  Backup  Pian 


12  of  20 


Simulation 


“I  hear,  I  forget.  I  see,  I  remember.  I  do,  I  understand. 

--Chinese  Proverb 

Simulation  Applications 

Designing  and  analyzing  manufacturing  systems 
Evaluating  military  weapon  systems  &  their  logistics  requirements 
Determining  hardware  requirements  or  protocols  for  communication  networks 
Determining  hardware  and  software  requirements  for  a  computer  system 
Designing  and  operating  transportation  systems 
Evaluating  designs  for  service  organizations 
Reengineering  of  business  processes 
Determining  ordering  policies  for  an  inventory  system 


Analyzing  financial  or  economic  systems 


Averill  Law  &  W.  Kelton.  2000.  Simulation  Modeling  and  Analysis,  ed.,  p.  2. 
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Doing  Things  Right 

& 

Doing  the  Right  Things 
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A  Yin-Yang  Approach  to  Better 

•  Yin  (black)  and  Yang  (white)  energies  co-exist  in  equilibrium 

-  Not  completely  black  and  white 

-  Opposing  forces  but  aiso  compiementary  ones 

*  Contrived  to  explain  annual  cycles  and  seasons  (seminal  “OR”) 

-  Annual  calendar  determined  at  365.25  days 

-  Caiendar  divided  into  24  segmented  cycles 

-  Moon  represents  Yin;  Sun  represents  Yang 

•  Extensions  of  Yin  Yang 

-  Fitness:  Diet  and  Exercise 

-  Finance:  Stocks  and  Bonds 

-  Education:  Sciences  and  Humanities 

-  Design:  Form  and  Function 
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Doing  the  Right  Things  &  Doing  them  Right 


Bureaucratic  Trap 

Practices  become  overriding  concern  at  expense 
of  doing  what  is  best  for  the  organization. 


Chaos  Trap 

No  tools  at  all  with  which  to  leverage  and 
generate  organizational  improvements. 


Chart  adapted  from  Shona  Brown  and  Kathleen  Eisenhardt.  1998.  Competing  on  the  Edge  of  Chaos,  Strategy  as  Structured  Chaos.  Harvard  Business  School  Press,  p.  30 
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Doing  the  Right  Things  &  Doing  them  Right 


Overconhect  Trap 

Practices  become  overriding  concern  at  cost  of 
innovation,  creativity,  and  ieadership. 


Disconnect  Trap 

The  lure  of  the  iatest  and  greatest 
ieaves  most  of  the  organization  behind. 


[Chart  adapted  from  Shona  Brown  and  Kathleen  Eisenhardt.  1998.  Competing  on  the  Edge  of  Chaos,  Strategy  as  Structured  Chaos.  Harvard  Business  School  Press,  p.  94] 
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Notable  Quotes 


“Extraordinary  companies  keep  their  eyes  on  the  iong  term. 

[These]  companies  have  an  abundance  mentaiity.  They  know  that  if 
they  share,  if  they  invest  in  growth,  if  they  support  one  another,  not 
oniy  wiii  there  be  enough  pie  to  go  around  now,  the  pie  wiii  just  get 
bigger.” 

--Rhonda  Abrams.  1999.  Wear  Clean  Underwear:  Business  Advice  from  Mom 
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The  POD  Business  Transformation  Approach 


Set 

Priori  ties 


Idei^trfy  /  Business 

EnitetpriEnB  PrlQrllies  and 
C*rr.jMn*ni  priduritjes  te 
provklig; 

*  Support  fPr  J^nft 
i^Acrigtiting  -cdpdt>iliLY 

+  Better  infcmidticin  f-ftr 
arfllL^grtC  r&MiJrcirig 
deeiBions. 

*  E^LKvd  C«t  of 

*  [mproved  ste^ar^hip 
I*  U^e  Arwricflrt  P«gp|« 

fdentrPy  business 
e4ipi:abilitie$  needed 
^^^:hleve  requited  euteumes 
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to  Provide  Capabilities^ 


*  Dctcfmi.ne  fuociiofifll  scooe 
and  o^gani^alioeifll 

*  Artalyz-e 

and  idenury  options- 
to  ppqvido  e¥ecos*afv 
business  capabilities 

«■  Select  Program  to  provide 
solution  or  ■dentity  gaps 
and  alternatives  lo  close 
gaps 


*  Engineer  tlw-  i&lutidn 

*•  DevelDft  required  >aoqulsl- 
boti  UKumentBtHDrii 

*  Rev'iiew  /  eswiafy  that 
pr&grams  allgrt  wkh 
briQrity  Objective  AWS 
^inabilities 

*■  Align  resources  with  PPSE 


1 

! _ 1 _ 

M  /  Refine  Required  Architeolure 
and  Transition  Pian 

Develop  end  refinE  erchhtEcbuf e 

*  0uild  /  refine  aref^tertyre  thriiduiits  required  EO  support 
dentified  Business  CapabihEies;  d’enne  requiremtntSji  ro^rt^ 

-K^dards 

Provide  content  for  pri&grarri  interreiationstwps 
■■  JdenjFy  gspis  in  sctiutjorrs  (revisit.  Assign  teuunt&biliE.y 
to  Provide  Cvobnlitres) 

D^v^lop  and  refine  Tr^n&lbg^  F’l^^ns 
■>  Develofi  str-a4egFes 

►  IdtfTiiiV  &:heduie  snd  nniiesc^pes.  re-^^^urce  needs-n  and 
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*  Assess  actuol  crjst^  scfwdyie  and  p«rfonriar>« 

»  Jrftegrate  Enterpn-be  and  Ce^p^ner±  plains 


[sestite 


*  Mop-Oge  fxiecutlbn 

*  Transferim  yia  pfoqraio 
impletrienlalian 

■■  and  Evaluation 
^  Doplovmtf't 
«  iracht  Cost  /  SCIHO^  / 
PirfOrrfwsncr- 

*  Assess  LPsing  DoD 
Proces^s  Chechpeunts; 

«  IRS  /  D95-MC  review^ 

^  JCtOS 

-  PPW 

^  E)oD  500D  iTHlestones. 


From  Defense  Business  Transformation  Agency,  2006 
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Conclusions 


While  some  tools  help  us  focus  on  doing  things  right 

Other  tools  help  us  focus  on  doing  the  right  things. 

The  key  is  to  select,  leverage,  and  integrate  the  right  tools 

for  the  right  orobiems. 


Toois  such  as  Lean,  Just-In-Time  Planning,  and  Six-Sigma 
can  become  even  more  powerful  tools  for  driving 
organizational  efficiency  and  effectiveness  when  utilized  in 
conjunction  with  other  toois  such  as  Engineering  Design 
Processes,  Just-In-Case  Planning,  and  Simulation. 
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“Thus  it  is  said  that  one  who  knows  the  enemy  and  knows  himself 
will  not  be  endangered  in  a  hundred  engagements.  One  who  does 
not  know  the  enemy  but  knows  himself  will  sometimes  be 
victorious,  sometimes  meet  with  defeat  One  who  knows  neither 
the  enemy  nor  himself  will  invariably  be  defeated  in  every 
engagement " 

"Sun  Tzu 


Questions? 

ernest.wong@us.army.mil 


